This study determined dietary intake and energy balance of elite premenarcheal rhythmic gymnasts during their preseason training. Forty rhythmic gymnasts and 40 sedentary age-matched females (10-12 yrs) participated in the study. Anthropometric profile and skeletal ages were determined. Dietary intake and physical activity were assessed to estimate daily energy intake, daily energy expenditure, and resting metabolic rate. Groups demonstrated comparable height, bone age, pubertal development, resting metabolic rate. Gymnasts had lower body mass, BMI, body fat than age-matched controls. Although groups demonstrated comparable daily energy intake, gymnasts exhibited a higher daily energy expenditure resulting in a daily energy deficit. Gymnasts also had higher carbohydrate intake but lower fat and calcium intake. Both groups were below the recommended dietary allowances for fiber, water, calcium, phosphorus and vitamin intake. Gymnasts may need to raise their daily energy intake to avoid the energy deficit during periods of intense training.
are at greater health risk as compared with other types of athletes. It appears that female athletes participating in aesthetic sports demonstrate a tendency toward a systematic inadequate energy intake as compared with athletes in other sports (18) . Specifically, adolescent and adult female artistic gymnasts demonstrate a higher prevalence of disturbed eating patterns (25, 32) manifested as continuous dieting (17) resulting in negative daily energy balance especially during periods characterized by intense training and inadequate dietary intake (21) . Elite gymnasts may be undernourished since their intake has been estimated approximately 45% lower than their energy expenditure (38, 9) . Daily energy deficits are related to higher body fat percentages in elite athletes, including gymnasts, possible due to an adaptive reduction in resting metabolic rate (7) . Therefore, on a long-term basis, energy-deficient athletes may harm not only their appearance and performance due to increased fat storage but, most importantly, their health as well due to increased fat storage.
Although a large number of studies suggested an increased risk for disordered eating and inadequate energy intake in female artistic gymnasts, there is limited research on diet strategies and energy balance patterns of rhythmic gymnasts. In fact, there is evidence that rhythmic gymnasts may be even at a higher risk for disordered eating patterns than artistic gymnasts since leanness is valued as a prerequisite for technical performance and selection at an elite level (25, 31, 6) . Moreover, rhythmic gymnasts demonstrated lower body mass and fat than their population average (6) . Nordin et al. (25) reported that preadolescent and adolescent rhythmic gymnasts may be under a higher stress for perfectionism and aesthetic appeal as they scored higher in the "Drive for Thinness" questionnaire resulting in a higher risk for eating disorders than artistic gymnasts of the same age.
Although previous reports suggested that disordered eating patterns may be absent in preadolescent female artistic gymnasts (5, 8) , currently, there is no information regarding the nutritional status of preadolescent rhythmic gymnasts. This cohort of athletes start their training from their childhood through preadolescence while adolescence is the period of elite athletes' selection and even more intense training and pressure to achieve unrealistic weight goals to improve their performance and appearance (6, 25) . There is evidence that the combination of strenuous training and disordered feeding that result in menstrual dysfunction due to altered hypothalamic-pituitary function, prolonged energy deficits in preadolescent females may affect negatively the release of gonadotropin which may lead to delayed puberty and menarche as well as growth and performance impairment (11, 22, 23, 39) . Preseason training in rhythmic gymnastics is consisted of strenuous training sessions lasting 3-4 hr with a frequency of six sessions/ week, including ballet, conditioning, and technique practice. Consequently, energy demands during preseason training are exceptionally high. For this reason, we hypothesized that rhythmic gymnasts would exhibit negative energy balance during this training period. Therefore, to test this hypothesis, the objectives for the current study were to monitor energy balance status and dietary intake patterns of elite premenarcheal rhythmic gymnasts during their preseason training as compared with age-matched controls. Knowledge in this area may benefit athlete's health and performance and educate coaches, parents regarding proper diet practices by young female athletes.
Materials and Methods

Participants
The parents of 60 gymnasts and 80 controls were approached. From those, 52 and 65 consented to participate in rhythmic gymnasts and controls, respectively. Twelve gymnasts and eight controls were excluded due to their limited compliance to complete the diet/activity logs. Seventeen controls were also excluded due to their significant difference from the rhythmic gymnasts mean for bone age and stages of puberty development. Finally, forty preadolescent elite rhythmic gymnasts from clubs across Greece and 40 sedentary females of the same age and skeletal maturity participated in the study. Rhythmic gymnasts had been training for 4.1 ± 1.1 years. Controls did not participate in organized physical activity. An informed written consent was obtained from the children and their legal guardians. This study was approved by the Institutional Review Board. Participants' characteristics are shown in Table 1 .
Study Design
The study was performed during an 8-week rhythmic gymnastics preseason training period (6 training sessions/week, 208.3 min/session). Preseason training was selected because it is considered as a very demanding training period exerting both a physical (daily training) and psychological (preselection process) stress on the athletes. During an initial visit, participants had their body mass/height, percent body fat, waist/hip girths, puberty stages (Tanner scale), and maximal oxygen consumption (VO 2max ) measured, and underwent a hand/wrist x-ray. During a second visit, participants and their parents were taught how to complete the dietary recall forms and physical activity log forms (completed on the days that dietary intake information was recorded).
Anthropometry, Assessment of Maturity and Training/Activity Status
Body mass was measured to the nearest 0.5 kg (Beam Balance 710, Seca, UK) with subjects wearing their underclothes and barefooted. Standing height was measured to the nearest 0.5 cm (Stadiometer 208, Seca, UK). Body fat percentage was calculated based on the sum of triceps and calf skinfold thicknesses using a Harpenden caliper on the right side of the body as described (30) . Skeletal maturation (bone age) was determined from an x-ray of the left hand and wrist under full body protection against radioactivity according to the Greulich-Pyle methodology (14) . Stages of pubertal development were determined with the measurement of breast and pubic hair development according to Tanner's scale (34) . VO 2max was determined during a graded exercise test on a treadmill as described (15) . To ascertain that VO 2max had been attained, a VO 2 plateau and/or a VO 2 elevation < 1 ml/kg/min despite further increases in the workload had to be seen and RER exceeded 1.0. Heart rate, brachial artery cuff pressure, and ratings of perceived exertion (6-20 Borg scale) were monitored continuously during the test. VO 2 was measured continuously by open-circuit spirometry and averaged every 30s with the use of an automated online pulmonary gas exchange system via breath-by-breath analysis (Oxycon Champion IEC 601-1, Jaeger, Würzburg, Germany).
Physical Activity and Dietary Assessment
Calculation of daily energy expenditure was derived by adding resting metabolic rate estimated by the Harris-Benedict equation (16) and energy expenditure for physical activity. Daily energy expenditure for habitual physical activity was estimated using a 7-day record as previously described (9) . Participants recorded time spent daily in four activity types: a) rest, b) moderate activities, c) intense activities, and d) very intense activities (9) . Each activity type corresponded to metabolic equivalents (METs; 1). Time spent in sedentary activities daily was calculated by subtracting the total number of hours in classified activities from 24 (1). Daily activity factor was calculated by summing the products of daily hours and their corresponding METs and dividing the sum by 24 (1). Thereafter, daily energy expenditure was estimated by multiplying resting metabolic rate by the activity factor. This method has a reliability and validity (of energy expenditure prediction of various activities included in the compendium of activities in this method) coefficient of 0.65 (28, 29) .
Participants kept a 6-day (Monday through Saturday, Sundays were excluded) food record on the same days as the physical activity record. Participants and their parents were given detailed instructions by a trained dietician on how to complete dietary records and determine serving sizes of all foods and drinks consumed on a dated log. Food records were thoroughly checked and, when necessary, additional information was provided. If participants could not report the absolute food amount they were asked to describe food size (i.e., two eggs). Daily energy intake and dietary intake were calculated using the ScienceFitDiet 200A computerized system (Science Technologies, Athens, Greece). For each nutrient studied, daily energy intake was estimated as the mean of the 6-day records. Results for each daily dietary intake were compared with the recommended dietary allowances for the corresponding sex and age group (10).
Statistical Analyses
Data are presented as mean ± SD. A group x time ANOVA was used to determine if there were differences between or within groups and a Bonferroni adjustment was used for post hoc comparisons. Differences were considered statistically significant at p < .05. All data analyses were performed with the SPSS (version 10.0) software (Inc., Chicago, Illinois).
Results
The two groups were comparable according to chronological age, height, bone age, stages of puberty development, and resting metabolic rate (Table 1) . Rhythmic gymnasts demonstrated lower (p < .05) body mass, BMI, body fat percentage and higher (p < .05) VO 2max than controls. No changes were noted in both groups at the end of the study relatively to participants' physical characteristics (Table 1) .
Energy intake was similar in the two groups expressed either as kcal/d (1641.7 ± 419.6 in rhythmic gymnasts vs. 1793.8 ± 572.5 in controls) or kcal/kg (50.2 ± 13.4 in rhythmic gymnasts vs. 43.8 ± 13.9 in controls). Relatively to the distribution pattern (%) of daily energy intake, rhythmic gymnasts demonstrated a higher (p < .05) carbohydrate intake (57.3 ± 7.5 vs. 49.2 ± 6.) and a lower (p < .05) fat intake (28.3 ± 5.4 vs. 37.3 ± 7.6) than controls ( Table 2) . Protein intake, expressed either as % of total energy intake (13.8 2.7 in rhythmic gymnasts vs. 13.5 ± 3.8 in controls) or per kg of body mass (1.7 ± 0.6 in rhythmic gymnasts vs. 1.4 ± 0.7 in controls), was similar in the two groups. Both groups covered the protein recommended dietary allowances for age and sex (34 g/day, Figure 1 ). Controls consumed more (p < .05) cholesterol than rhythmic gymnasts (195.5 ± 32.9 mg vs. 241.5 ± 41.6 mg, Table 2 ). Mean fiber intake was comparable in the two groups (14.3 ± 6.3 g in rhythmic gymnasts vs. 16.1 ± 8.7 g in controls, Table 2 ) but below the corresponding recommended dietary allowances (26 g/day, Figure 1 ). Mean daily water intake was similar in both groups (1.9 ± 0.5 L in rhythmic gymnasts vs. 2.2 ± 0.8 L in controls) but below the corresponding recommended dietary allowances value (2.1 L/day, Table 2 ) in rhythmic gymnasts by 9.5%. The two groups demonstrated comparable sodium, potassium, magnesium, phosphorus, iron, zinc, copper, manganese, and selenium intakes (Figure 1 ). Rhythmic gymnasts exhibited lower calcium intake (862.3 ± 164.8 mg/day vs. 1031.4 ± 191.8 mg/day, p < .05, Table 3 ) than controls. Sodium, magnesium, iron, zinc, copper, manganese, and selenium daily intakes were above their corresponding recommended dietary allowances values in both groups (Figure 1 ). In contrast, potassium, calcium, and phosphorus were below their corresponding recommended dietary allowances values both in rhythmic gymnasts (by 42.2%, 33.6%, and 21.8%, respectively) and controls (by 35.5%, 20.6%, and 15.4%, respectively; Figure 1 ). All mean daily vitamin intakes ( Figure 1) were comparable between groups except vitamin E intake which was lower in rhythmic gymnasts compared with controls (6.8 ± 1.3 mg/day vs. 9.5 ± 1.8 mg/day, p < .05). Thiamin, riboflavin, niacin, vitamin B6, vitamin B12, vitamin C, and folate daily intakes were above their corresponding recommended dietary allowances values in both groups. In contrast, vitamins A, D, E, and K as well as pantothenic acid were below their corresponding recommended dietary allowances values both in rhythmic gymnasts (by 17%, 12%, 38.1%, 35.6%, and 17.5%, respectively) and controls (by 15.2%, 4%, 13.6%, 21.8%, and 10%, respectively).
Mean estimated daily energy expenditure was higher (p < .05) in rhythmic gymnasts compared with controls ( Table 4 ). The gymnasts tended to have lower mean daily energy intakes but the difference between groups was not statistically significant (Table 4) . Overall, gymnasts demonstrated a 223 kcal daily energy deficit (11.9%) whereas controls had a 122 kcal daily energy surplus (7.3%; Table 4 ). 
Discussion
This is the first study to monitor daily energy intake and dietary intakes of a relatively large group of elite premenarcheal rhythmic gymnasts during a period of intense training. Rhythmic gymnasts and controls demonstrated similar energy and protein intakes with the former exhibiting a higher carbohydrate and lower fat intake than the later on a daily basis. Moreover, gymnasts demonstrated inadequate daily intakes for certain micronutrients and fluids as well as a considerable daily negative energy balance due to their higher energy expenditure (as compared with their age-matched controls). The daily energy intake of rhythmic gymnasts (1641.7 kcal) in the current study was lower than the 2200-2500 kcal/day intake currently recommended for female athletes of 11-18 years of age and training more than 20 hr/week (10) . The daily energy intake observed in this study for rhythmic gymnasts coincide with those (1570-1750 kcal/day) reported for adolescent athletes (3,27) but they were higher than those (1380-1500 kcal) reported for adult athletes (9, 6, 5) . It is possible that as athletes advance with their competition level, their daily diets become more energy-deficient.
The observed daily energy intake was lower than the estimated daily energy expenditure in rhythmic gymnasts on a daily basis. These results are in agreement with previous studies reporting daily energy deficits in elite gymnasts (9, 5) generally and in elite adult rhythmic gymnasts more specifically (7, 6) . Two welldesigned studies (9, 7) reported that elite gymnasts may exhibit energy deficits greater than 750-850 kcal/day which are well above than the one estimated in the current study (223 kcal/day). The caloric difference with those studies may be attributed to participants' characteristics such as age, level of competition, and the period during the training season that the study took place. These findings may suggest that preadolescent rhythmic gymnasts may follow a more efficient diet plan than the adolescent, more competitive rhythmic gymnasts. However, in the only study that examined daily energy balance in preadolescent artistic gymnasts, Filaire et al. (8) concluded that their athletes' daily energy intake met their daily energy requirements. The discrepancy observed in the results of the current study and that of Filaire et al. may be attributed to the type of sport examined (artistic vs. rhythmic gymnastics), the time of the year that the study was performed (offseason vs. preseason period), the weekly training volumes (15 hr/week in Filaire' study vs. > 20 hr/week in the current study), and the level of competition. In fact, previous research indicates that rhythmic gymnasts may be even at a higher risk for eating disorders than artistic gymnasts (25, 32) . Sustained low energy availability may predispose the female athletic population to various health hazards such as irregular menstruation, infertility, and osteoporosis (23, 39) . Energy expenditure estimates is based on the predicted resting metabolic rate adjusted for body mass, age, and gender. However, it is questionable whether these prediction equations address growth requirements adequately since gymnasts that participated in this study were in the age that peak growth is expected. It is characteristic that these resting metabolic rate prediction equations produce a higher resting metabolic rate for adolescent females than for adult females suggesting that the extra energy requirements due to growth may be accounted for by them. The 223-kcal daily deficit translates into approximately 3,500 kcal needed to lose 0.4 kg of body mass every two weeks.
Energy balance results must be viewed with caution. It has been suggested that multiple-day nutritional analysis is sufficient to determine daily energy intake (2). However, the dietary recall method used to monitor daily energy intake rely on individual's ability to accurately record the type and quantity of food consumed. Self-reported dietary intake methodologies may be biased toward underestimation of actual intakes, especially in sports emphasizing leanness such as gymnastics (32) . Therefore, the variation between energy intake and expenditure may be explained by the unconscious change of the information provided in the diet reports submitted by female athletes engaged in aesthetic sports to something they consider more ideal. Nevertheless, in the current study parents overlooked/ assisted diet reporting. Goldberg et al. (12) suggested that daily energy intake should be over a minimum level of energy expenditure that corresponds to the product of 1.1xRMR (resting metabolic rate). Applying this calculation to the current study, the minimum level of energy expenditure is 1079 kcal suggesting that daily energy intake underestimation might have been avoided.
Another explanation for the negative energy balance observed is that energy expenditure might have been overestimated. A possible problem with the factorial method used here is that the selected MET values might have confounded the results. However, this is unlikely since MET values used have been verified by others with time-motion analysis (38, 1) . Future studies should measure daily energy expenditure during rhythmic gymnasts training either directly by the doubly-labeled water methodology or indirectly via a portable gas exchange analyzer.
Current recommendations for athletes suggest that a 55-60% of the total daily energy intake should be derived from carbohydrates (26) . This recommendation was met by the rhythmic gymnasts in the current study. Dietary recommendations for promoting maximal glycogen resynthesis during periods of intense training propose a daily carbohydrate intake of 7-10 g/kg/day (26) which was barely met by rhythmic gymnasts in this study (7.2 g/kg/day). Therefore, rhythmic gymnasts are likely to adequately replace muscle and liver glycogen stores following its depletion during daily training. Rhythmic gymnasts demonstrated optimal daily fat intake as recommended for athletes (26) which was also reflected by the lower cholesterol intake compared with controls. Optimal protein intake is a prerequisite for growth during childhood, muscle performance, and replacing nitrogen lost as a result of sweating and protein degradation during intense training (3). Rhythmic gymnasts exhibited optimal daily protein intake as recommended for active athletes (10) . In contrast, mean fiber uptake was significantly reduced (45%) based on current recommended dietary allowances values (10) . These findings are in agreement with previous reports of adequate carbohydrate, fat, and protein intake (6, 5) and inadequate fiber consumption by rhythmic gymnasts (6) .
Rhythmic gymnasts demonstrated a water intake deficit of 9.5% based on the respective recommended dietary allowances value (10) . Furthermore, gymnasts did not report consumption of beverages containing carbohydrates and/or electrolytes during or postexercise. A body water deficit of 1-2% of body mass may hamper performance and menstrual function (19) . Gymnasts in the current study trained six days/week. Failure to adequately replace sweat losses could lead to chronic dehydration and underperformance due to an increase of thermal loading (24) . It has been shown that thirst drive may be inadequate for complete replacement of fluid loss during intense training (13) .
Although the energy deficit observed is of a smaller magnitude than that reported in previous studies, prolonged energy restriction may place athletes at risk for inadequate micronutrient intake. Despite their lower daily energy intake, rhythmic gymnasts demonstrated similar vitamin and mineral intakes except for vitamin E that was lower in rhythmic gymnasts than controls. Almost half of vitamin intakes and the vast majority of mineral intakes examined were above their current recommended dietary allowances values. However, the intakes of vitamins A, D, E, K, and pantothenic acid as well as those of potassium, calcium, and phosphorus were well below their recommended dietary allowances values. Similar results have been reported for young rhythmic gymnasts (6, 5) and athletes from other aesthetic sports such as synchronized skaters (40) . Maintaining proper calcium, phosphorus, vitamin D, and vitamin K intakes promotes bone mineral deposition and thereby reduces the possibilities of developing osteoporosis and stress fractures (10, 36) . Low calcium intake is not uncommon in female athletes that follow diets characterized by restricted calorie intakes and/or reduced fat consumption (33) . Since fat and dairy intake was within the optimal range for athletes' recommended daily intakes, calcium deficiency was not expected. Surprisingly, iron intake was within the optimal range (12.2-17.3 mg/day) for female competitive athletes (4). Iron deficiency is common in female athletes and it is mainly attributed to low dietary intake and loss due to menstruation, sweat, gastrointestinal blood loss, etc (37) . However, rhythmic gymnasts in this study were premenarcheal and hence menstrual losses were not a factor. Nevertheless, iron deficiency may occur despite a normal iron daily intake (20) . Therefore, adequate iron intake should not be used as an index of iron adequacy.
One limitation of the present investigation is that most dietary data were compared with recommended dietary allowances which may not be a very good measure for the athletic population, especially the population of premenarcheal female athletes who exhibit unique nutritional and energy demands. For the population studied in the present investigation, recommended dietary allowances are characterized by a lack of a threshold level for nutrient requirements, an absence of specific endpoints for daily consumption levels, and lack of data on response variability and interactions between nutrients suggesting that invalid extrapolations may be done for the specific population.
The present study suggests for the first time that elite rhythmic gymnasts may develop disordered eating patterns and negative energy balance during their premenarcheal period that may also be evident during their adolescence and adulthood (25, 31) . Inadequate daily energy intake may place elite preadolescent rhythmic gymnasts at a greater risk for developing musculoskeletal injuries (e.g., stress fractures), menstrual irregularities, delay in pubertal and skeletal maturation and osteoporosis due to abnormal bone mineralization later during adolescence (22, 35) . Monitoring of the nutritional status of preadolescent rhythmic gymnasts may be important, since it will allow the detection of nutritional irregularities and possible energy deficiencies. Sustained strenuous training and disordered eating patterns may attenuate gonadotropin release which in turn may induce delayed puberty and menarche as well as growth and performance impairment (22, 23, 39) .
